Abstract Primary Retroperitoneal Sarcomas are relatively uncommon tumors with varied manifestations, ill-defined prognostic factors and uncertain management modalities. We undertook this study to review patients who presented with primary or recurrent RPS at our institute during the study period. Between 2008 and 2010, 23 patients were evaluated. Statistical analysis was done using the chi square test or Fisher's exact test. Recurrence was calculated using Kaplan Meier curves. The log-rank test was used to compare differences in survival or relapse. Among the 23 patients, 13 were males. Majority (52.2 %) presented with abdominal lump located in umbilical and right hypochondrial region. Surgery was done in 20 (87 %) patients for primary RPS and three (13 %) for recurrent RPS at initial presentation. 14 (61 %) received complete tumor resection, six (27 %) incomplete microscopic resection, and three (13 %) incomplete macroscopic resection. In univariate Cox's proportional hazard model on time ('timer') to event ('relapse') analysis, all the variables like older age (p=0.027), male sex (p=0.012), incomplete resection (p=0.008), large size (0.047) and high grade (p=0.047) became significant predictor of early recurrence. However, multivariate analysis showed that only extent of resection, grade and sex were statistically significant predictors. Complete tumor resection of retroperitoneal sarcoma (n=14) was associated with a significantly lesser recurrence compared with unclear resection (n=9, p=0.002). The median time between surgery and first recurrence was 15 months. High-grade sarcomas had a significantly higher recurrence (n=10; median: 24, 95 % CI) than low-grade sarcomas (n=13, median: 15; 95 %CI P<0.01). Furthermore, the survival of male patients were worse than that of females (p= 0.036). Completeness of resection, tumor grade and sex are prognostic factors of retroperitoneal soft tissue sarcomas.
Introduction
Primary Retroperitoneal Sarcomas (PRS) is a heterogeneous group of malignant neoplasm with very low incidence. It comprises 0. 1 % of all malignancies, 15 % of all sarcomas and approximately 50 % of all retroperitoneal masses [1] . So far, little is known about their biological behaviour and no specific etiological associations have been identified. Several studies have sought to identify factors that predict prognosis after resection of RPS with the goal of identifying patients who may benefit from more aggressive follow-up or investigational adjuvant therapies, but controversies still exist [2] . The management remains a challenge and surgical resection of localized RPS with microscopically negative margins, as the standard of care is usually used [3] . Complete resection is, however, often difficult to carry out because of the frequently large size of the tumor at the time of diagnosis, the deep-seated location and common infiltration of adjacent vital organs [4] . Despite advances in diagnostic modalities, surgical techniques and the adaptation of more aggressive procedures, this disease still has a propensity for local recurrence, even after an apparent complete resection, contributing to the poor outcome [5] .
To better understand the complex nature of this group of malignancies, we undertook this study to review the biologic and clinical behavior of retroperitoneal sarcomas. We report our experience of evaluating the principal prognostic factors contributing to tumor recurrence and patient outcome in 23 patients who presented with primary or recurrent RPS at our institute during the 2 years study period.
Materials and Methods
The clinical courses of all patients with loco regional disease (without distant metastasis) at presentation, treated from 2008 to 2010 for soft-tissue sarcomas of the retro peritoneum at our referral-teaching institute were reviewed both prospectively and retrospectively. With a catchment area of approximately 11 million populations (almost ten percent of State's population), this sampling is comparable to the general eastern Indian Gangetic belt population [6] .
Patients were analyzed for survival and potential prognostic factors by patient demographics (sex, age), preoperative symptoms, tumor related data (size, weight, histological type, grade), diagnostic procedures, infiltration of adjacent organs, extent of resection, peri operative complications, mortality, and recurrence after surgery.
Histologically Grade 1 & 2 was grouped as low and grade 3 & 4 high [7] . The primary RPS was defined as a tumor which was untreated before definitive surgical intervention. We did not separate local vs distant recurrence as the sample size is small and eight of the nine recurrences were local. Surgical resection was classified into complete (R0) or incomplete (R1 and R2). The patients were censored until death or their last follow-up in 2 years.
Statistical analysis was done using the chi square test or Fisher's exact test for univariate analysis. Recurrence was analyzed by Kaplan and Meier method. The log-rank test was used to compare differences in relapse distributions. There was one post-operative death (3 weeks from operation) but as this is a direct result of the disease burden, this was included in the analysis. Survival endpoints were based on death from disease. Patients with R1 and R2 resection received post-operative radiotherapy / chemotherapy but those having direct morbidity and mortality due to adjuvant treatment were excluded from the analysis as these treatments are still controversial [8] [9] [10] . The hazard ratios (HR) and 95 % Confidence Interval (CI) were reported in relapse rate analyses. SPSS software program (SPSS 10) was used. P value less than 0.05 was considered significant.
Results
Twenty-three patients were analyzed,14 in the retrospective and nine in prospective group with follow up of 2 years. The age groups ranged from 12 to 80 years (mean 39.09, S.D 15.34). Patients younger than 10 years were excluded.
All patients with primary RPS were symptomatic (mean 5 months, range 1-12) at presentation. Majority were males (58.3 %) and presented with abdominal swelling (52.2 %). Abdominal discomfort /pain was present in one third but nausea was less common (13 %). Only two patients (8.7 %) had significant weight loss and one presented with sub-acute intestinal obstruction.
On general examination, significant pallor was present in only 13 %. All but one had palpable lump, one third of them tender. Lumps were mostly in the umbilical region or the right hypochondrium, with equal frequency, and in three patients extending into both. Right lumbar was the next most common site. Two had lumps occupying all the three areas. Epigastric region was spared. Consistency varied from firm (75 %) to hard (16.67 %) to soft cystic (8.33 %). Most of the lumps were smooth with ill-defined margins. Majority (65.2 %) had little mobility.
Patient work-up included abdominal ultrasonography and thoraco-abdominal Contrast Enhanced Computed Tomography (CECT) for detailed assessment prior to definitive surgery. Ultrasonography suggested a well-defined solid mass in 17 patients. Associated ascites, lymphadenopathy and liver lesions were seen in five, seven and one patient respectively. CECT mostly supported the USG findings and also picked up mass in the remaining six cases. In addition, it revealed the encasement of superior mesenteric artery, aorta and IVC in one each.
Laparotomy was done in all the cases, 20 (87 %) for primary RPS and three (13 %) for recurrent RPS at initial presentation. Eight (35 %) patients underwent surgery for first recurrence and three patients (13 %) each for the second recurrence and third recurrence. Two patients (8.7 %) presented with recurrent tumors on 1 year follow up and total nine patients presented with recurrence in 24 months follow up, the median time between the primary surgical resection and their first recurrence 15 months (range 6 to 23 months) while that for second recurrence was 20 months. To simplify the study, only the first recurrence from time to surgery was analyzed.
Fourteen patients (61 %) underwent R0, six had R1 and three had R2 resections. Fourteen out of 20 (70 %) patients with primary RPS underwent R0 resections and none of the patients with recurrent RPS (first recurrence, eight patients) could undergo curative resection (P=0.0019) signifying difficulty in redo surgery to achieve R0 status. Therefore, the first surgery has the best chance of a curative attempt. Among the eight patients with first recurrence, macroscopic tumor free margin were possible in four cases and de-bulking of tumor was done in the remaining four. For analysis, margin status of the first resection was taken.
Wide local excision with excision of contiguous structures (infiltrated grossly) was done in four cases [three of 8 patients with recurrent RPS (37.5 %) and one of the 20 patients with primary RPS (5 %); P=0.0581; not significant]. Two patients (both with recurrent retroperitoneal tumor) required multivisceral resection involving right colon with same-sided kidney. Other two underwent a single organ resection (sigmoid colectomy). There was no intra-operative death. However, one patient died on the third week postoperative following Fecal fistula after sigmoid colectomy. Twenty two patients were transfused with average two units of blood during operation.
Median tumors size was 10 cm (cm). Mean weight was 1163 g. Liposarcoma was the most frequent tumor present as in other series but next most common was neurofibroma. Ten out of 23 patients (43.5 %) had high-grade tumors (6/20; with primary RPS and no recurrence vs. 4/8; with recurrent RPS; P=0.4004, NS). This includes tumors, which changed from low to high grade in recurrence. Two patients died during the 2 years period follow up out of which one was postoperative death due to fecal peritonitis from anastomotic failure. As we had nine recurrences and recurrence is directly related to disease free and overall survival, our analysis of time to event is with reference to recurrence.
Recurrence Rate Analysis -Kaplan-Meier curves were first constructed to compare relapse rate based on overall patient and disease characteristics. Next, Kaplan-Meier relapse rate analysis was performed with reference to grade of tumors and type of operation,(the two significant factors identified by logistic regression). It showed significant worse prognosis in high-grade tumors (log rank 0.018) and incomplete resection (log rank 0.002) (Fig. 1) . (Male sex became non significant when density replaced size and weight). Logistic regression analysis showed significant worse prognosis with male sex, high grade and incomplete surgical resection (Table 1) . Interestingly, while analyzing data, we found that tumor size distribution and weight distribution is quite similar in male and female (especially significant as we found male sex was a risk factor for relapse) (Fig. 2) .
The tumors size is an important prognostic criteria and included in TNM Staging (AJCC). In our analysis, size, as measured by greatest tumor length was not significant (p=0.154) for predicting overall relapse, though it was significant (P=0.047) in predicting early relapse. When we looked at the weight distribution of the excised mass, a similar variation (a few subjects having data in clustered in one extremes) prompted us to try to combine mass with volume and use density (mass per unit volume). Tumor density itself is also not a significant predictor for relapse, but analysis using tumor density changed male sex from significant to non significant predictor of a poor prognosis (Table 1) .
In Cox's proportional hazard model on time ('timer') to event ('relapse') analysis -all the variables like higher age, male sex, incomplete resection, large size and weight and high grade become significant predicting early recurrence (Table 2) . On replacing wt and size by density and doing the above analysis (Table 3) , only age and type of resection remained significant, grade became insignificant.
Discussion
Retroperitoneal sarcoma continues to pose a challenge with regard to diagnosis, prediction of clinical behavior, and treatment of disease including recurrence. Data from India, especially eastern part of the country is lacking. We present this analysis for a group of patients treated in a standard fashion at one institution.
Similar to other studies, males were more commonly affected but our mean age of presentation was two decades earlier (39.09 years) [5] . The common signs are palpable abdominal mass (40-90 %), vague abdominal or back pain (30-75 %), and increased abdominal girth (10-35 %) [11] . Of our 23 patients, 12 (52.2 %) presented with abdominal mass. Abdominal discomfort /pain (33 %) and nausea (13 %) was less common. CT and USG were helpful in early diagnosis and evaluating local spread of the disease.
We avoided routine pre operative biopsy. There are several instances where biopsy of a suspected sarcoma may be recommended: if the diagnosis (not histology) is truly questioned, if a neoadjuvant therapy protocol is available, or for tissue diagnosis in the face of non resectable metastatic disease [12] . However, not all retroperitoneal sarcomas need to be biopsied before embarking on definitive therapy.
In the report by Heslin [13] the grade of RPS was not a significant predictor of recurrence and survival. But in our and some other studies, patients with high-grade RPS had a significantly higher recurrence and lower survival rate than those with a low-grade tumor [14, 15] . In fact, grade is one of the components of the American Joint Committee on Cancer staging system [16] . It does stimulates new thoughts about pre operative biopsy and neo-adjuvant chemo/radio and new systemic therapies, such as PPAR [gamma] ligands, and locoregional therapies, such as preoperative intensity modulated radiation therapy, changing the extent of resection or intraoperative radiotherapy in selected high grade tumors [17] . There is also suggestion that RT (pre op or post operative in R0 resection) may most benefit those patients with operable stage I sarcoma irrespective of grade [18] . The role of chemotherapy in handling RPS remains undefined. In 14 trials of adjuvant chemotherapy involving 1568 cases of soft tissue sarcomas at various sites, a modest improvement (10 %) in the recurrencefree survival rate was found [19] . In our study, adjuvant radiotherapy or chemotherapy was used in R1 and R2 resections. This leaves a scope to conduct further studies with aggressive neo-adjuvant and adjuvant therapy.
Additionally, specific tumor histology plays an important role in patient outcome after treatment of retroperitoneal sarcomas [4, 5, 20] . However, in this study we could not assess histological type as a prognostic factor in disease outcome because statistical analysis revealed that histology type and completeness of resection were mutually dependent. (Xsquared=10.0501, df=4, p-value=0.03959) This may be due to the fact that more aggressive histology will predict more local spread and more chance of incomplete resection and may be histological type needs to be given equal importance to completeness of resection. However, we have divided histopathology types into liposarcomma, neurofibroma and all other varieties clubbed together and in larger series, this may be inappropriate. The ability to completely resect a retroperitoneal sarcoma remains the most important predictor of recurrence and overall survival [21, 22] . This study supports the findings both in univariate and multivariate analysis and KM curve visualization (Fig. 1) . In our patients, the incompleteness of resection were usually due to the involvement of the large vessels and base of the mesentery. Of note, patients with microscopically positive margin appeared to have worse survival than patients with gross residual tumor which is in contrary to common concept, but on closer look, it becomes apparent that there is initial sharper drop in the R2 (PI) group as normally expected and then it plateaus probably because very limited number in that group confounding the graph (Fig. 1) . In R2 cases, recurrence was taken according to BRECIST^guideline for progressive disease, i.e., any distant recurrence or 20 % increase in the sum of the longest diameter of target lesions in local imaging. As margin status is highly significant in all the analysis, it does stimulate us to think about intra-operative frozen section as a guide to the extent of resection specially when technically it is possible to convert R1 to R0 resection. Also, as histology and grade both are important, the problem with consistently grading these tumors even by experienced pathologists encourage use of molecular genetics combined with morphology.
As with most malignancies and similar to other studies, we also found that the first operation is the best chance for cure [12] . Multivisceral resections facilitate complete tumor removal and reduce the chances of local recurrence [23] . Some authors also recommend vascular resection and prosthetic vascular replacement or the use of temporary bypass for reconstruction of infra-renal aorta and vena cava after a resection in selected patients [24, 25] . Aggressive vascular resection to achieve R0 resection may be tried in future studies in our set up as well to improve outcome.
The overall survival (OS) of 91 % and recurrence-free survival is 63 % at 2 years in our study. Complete resection (R0) rate was 61 % which is comparable to other studies [1, 26, 27] , although few authors have reported higher R0 rates [28, 29] . Factors predictive of local recurrence, calculated using logistic regression with tumor weight and size, included incomplete tumor resection (p=0.002), high histologic grade (p=0.018) and male sex (p=0.036). In contrast logistic regression with tumor density (combining volume and weight) excluded male sex as a poor prognostic factor. In most studies, either tumor size or tumor density did not determine prognosis [2, 5] . Analysis using Cox's proportional hazard model for time to relapse (early relapse) showed that factors like old age, male sex, high tumor grade, incomplete tumor resection and large tumor size, all significantly shortened the time of first recurrence. Analysis using tumor density instead of weight and size showed that only type of resection and age. was statistically significant. Grade, a very important factor in prognosis, became less significant (P=0.119). This data shows that we may need to consider density as factor while analyzing prognostic indicators. Larger studies are necessary to reach a conclusion. Two-year follow-up was chosen a priority, as a reasonable cutoff point because of concerns of greater loss to follow-up and compromised data quality associated with longer study duration. We have shown the treatment (surgery) effects on overall relapse or progression-free survival rate.
Conclusions
In this study retroperitoneal Sarcoma, tumor size, histologic grade, incomplete resection, increasing age and male sex are strongly associated with recurrence. Complete (R0) resection appeared most significant.
Our mean age of presentation was two decades earlier than in other studies. Also statistical analysis revealed that histology type and completeness of resection were mutually dependent. This may be due to the fact that more aggressive histology will predict more local spread and more chance of incomplete resection . We proposed that may be histological type needs to be given equal importance to completeness of resection.
In most studies, either tumor size or tumor density did not determine prognosis. However in our study tumor size and weight did predict local recurrence.
Tumor density appears to have reduced the effect of sex as a prognostic factor but density itself is not important in either univariate or multivariate analysis.
Analysis using tumor density instead of weight and size showed that only type of resection and age was statistically significant. Grade, a very important factor in prognosis, became less significant . male sex and large tumor size also became less significant, This data shows that we may need to consider density as factor while analyzing prognostic indicators.
Surgical treatment of retroperitoneal sarcoma should consist of an aggressive approach to achieve a complete surgical resection as there is sharp drop in recurrence free survival between R0 and R1. We identified areas where modification of surgical techniques like BAggressive vascular resectionm ay improve outcome. 
